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1. SCOPE
ioilnclation bawd 1.1 `I'llis standartl co\crs tllc tlcsiF;n of ring .sllch a\, silos, cllirnncyi con\,cntional mrthod fol tall strucrurcs, water tanks, I\-hich 1lal.c vertical and toll-uniforllr ~listril~~lletl loatls. on and

2. TERMINOLOGY

IS : 11089

- 1984 INFORMATION design ant] construction is necxssary: the of location ring of fOnntlntion, proposed staging, as the well

3. NECESSARY 3.1 For satisfactory following information

Sile Plan - Site plan showing as neighbollring structure. H7/jldi?jg Plm etc.
I,ondin,q

Showing

the details

of height,

columns,

~hditiotis IDend load, lvind shown on a schematic plan indicating loatls transrnitte(l lo tht: fountlation.

or earl hquake loads, design combination of

4

Rtwim7me7rt~7l Krrtol-s -Information relating to geologic history of tile area, seisrnici2y of the region, hy~lrologicnl information ilitlicating grollncl rvater conditions anti iIs seasonal variations, climatic fx(`tors like vulnrrnbility of tile site to sutldcln flooding by surl'L\ce run-oK, erosion, etc. ~7fiwnlntion Sul)surface profile lviih stratification engineering properties of the cletails ( SOPIS : 18Y2-l!C!)* ) effective shear parameters founding strata, index prOperties, tleterruinetl illt(ler appropriate drainage contlifions, compressil,ilily c,lli!l'a(`tel'iSti~S, swctlling properties, results of field tests like static and dynamic penetration tests, pressure meter test, etc. C~eoffchical

e)

f) d h)
I,imiting settlrsrnent, A review locality. structure values of the angular distortion the super structure can withstand. and tliKerential if any, of the in the new

of the

performance

of similar

structure,

_i) Information

necessary to assess the possible cfTecrs on esistirlg structures in the neighbourliootl. of rnirws 01` major storage reser!.oir

k)

Proximity

to the site.

3.2 Parameters for the Analysis - These are obtained by averaging only for rrlatively the parameters ( WE 3.1 ) wltich can lx: tleterminetl The accuracy with which less number of I,oillts of the foundation soil. the average values represent the actual conditions is of decisive itnportance for the final reslllts.

IS : 11009 - I984 4. DESIGN 4.1 Choice CONSIDERATIONS of Ring Foundations

4.1.1 I:ot fairly srllall ant1 lllliforn~ tolurnin spacing ant1 when the a Il;lt concre(e sl;ilJ Ilavin;q luiiforrn sul,portiIi q aoil is not too coriiprcssil~le uIldC:r the eirccts of dd ~~~~~~ thickness throughout is most suital)lc. IllldCI. lilt? cfl-cct of fountlatioiis 41x' subjwtccl to uniform IIl'eSsilrC' bill lateral IoacIs cauwtl by earthquake and IVilltl, the prcssuw becomes non-unifornl. Iftlierc: ic sIiftirient bentliilg tlut, to I;ttcral forces ( say I-`:: > f'~ ) it is more ccoiw:iiical to adopt annual raft ( sre Fig. 1A j. 4.1.2 ~Innual &cular slab Ivitli a ring beain type of raft is likely to be and wllen the aoil is very mow ccononiiral for large colu~~ln sl)acinfi compressible ( see I:ig. 1B ). 4.2 Allowable Bearing Pressure -- `I`hc nIlo~\al)lc txxriug shall l)C tlctfrnlinctl in accorilan~c willi IS : 6403-l!Jill *. pressure

bearing capacity soils, the ultiiiiale of rafts 4.2.1 1~ granular I?;cnernlly very large. Ilowever, for rafts pl;u:eti at depth is rode of failure dlollltl lw illvestigate[l. possrl)ility o!` punc,llilrg `l'he irill~~encc~ of soil CoIiil~rcssibility atltl rclatecl sc..ile cfrrc ts sl~o~ll~l also be assessctl. 4.2.2 l:or ~xfts on colmi~c sllall be analyzed. 4.2.3 In cohrsive soils, taken into consideration. 4.3 Depth accordance 4.4 the soils stability effects against term cleep sratrcl failures shall shall be be in

of` long clcptli of

settlements

of Foundation - Tile M'itll IS : 190~1-1978~.
tILli! 10

fouullation

`l'lle uplift

SulI:oil

N'ZltCr Sllilll l)C COllSirlc~I Ctl ill tllC tltxign. water level sl~all be cllcckcd

4.4.1 Al.11 constmction for Iloatation. 5. METHODS OF

below the gro~n(l

ANALYSIS Method ) - `I'llis is Ix~srtl on of` cor1tac.t prcssllrc. `l'lle ba.sic

5.1 Rigid Foundation ( Conventional the assumption of lineal distribution assuliil~tiuiis of this iiletliorl arc: a)

drc foundation is rigicl relative 10 tlic supporting svil anti the coiripwssil~lc aoil Idyer is relntiwly shallo\~; AIICI ^______._ ~~ ~~~~_*Cvdc of pr.i<,ticr, liar JetcrlilinC~tivn uf bcariq; r;ipxcit! 111sl14lluw I~uudati~~ns

( fin1 reui.wm ;. j-(krdc of jrr2ictic.e ltrr htru( tllr;il sdlrly
YeL'isiw

of

hildin~;::

hl~;~llow

li)unci;!li(iu\

( .wtntd

),
5
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(a)

(c)

FIG. 1B

PRMSUREDIS~RIIWI-IONUNDER A RAFT is assumed to vary linearly

h) The contact pressure distribution throughout the foundation. 5.1.1 This method are satisfied: a)

may be used when either

of the following

con<litions action of stillness

The structure behaves as rigid ( due to the combined the superstructllre and the foundation ) with a relative 7

IS : 11089 - 1984 factor Ilr) 0.5 IS : 2950 ( Part [ for evaluation 1 )-l%l* 1; and of ET, sel: Appendix _1ppendix (; of

b) The column spacing is less than 2950 ( Part 1 )-1981" 1.

1.75 h [see

C: of IS :

5.1.2 The ring annular raft is analyzed from approximatrly noudistril)ution ( SCE uniform pressure distribution to uniform pressure uniform pressure intensity p is oivcn by Fig. 1A ). The modified due to dead loadsna~~rl /I:! is p1 + 0.5 p2, where p1 is uniform pressure pressure due to bending effects. The formulae for circumferential respectively are as follows: For
7 <c

and

radial

moments

Mt and M,

For

7 >

C

where Y is the ratlial distance.

The ratio b/a will depend on the bearing area and the illoirient oI' such that the ruaxiitiuiu stress clcvelopctl inertia required for footing does not exceed the safe allowable bearing pressure specified for the For a particular bia ratio, the value of c,`a at which the iiiaximum soil. moments are minimum coultl be obtained from Fig. IC:.
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FIG. 1C

POSITION OF RING BEAM FOR MINIMUM VALVE OF THE MAXIMUM MOMENTS

5.2 In case the annular circular raft with a ring beam, two conditions The maximum pressure under foundation are ,gcnerally to be satisfied. should not exceed the safe allowable bearing pressure of the soil. The minimum pressure shall be zero or of a compressive nature. To satisfy these, the clirnensions of rafts shall be determined as follows:

where

A

=

~_____

gall

-

( PO -

PI )
above ground

where w b= n= ~- total weight of the structure eccentricity of the vertical load on base due to overturning moment of lateral loads of wind or earthquake outer radius area of raft x ( & PO Q overburden PI = net pressure 62 ) capacity of soil at base of foundation pressure due to depth of annular raft or radius raft of solid raft

b = inner radius of annular .t

gall = net safe bearing

clesired at base.
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the ring bcani evil! have less 5.2.1 For a given number of columns, The curves .I ant1 II shown moment when the ring perimeter is small. in Fig. IF, give the most economical locations of the ring bram on thtl raft when the soil pressures are uniform1 and when they vary linearly a': The radial and tangential shown at .!I and c in Fig. 1D respectively. moments in annular crrcular plates can IX determinctl for trniforrn and linear distribution of pressure for expression.

B = b/a

c r c,a
(UNIFORM PRESSURE)

6 = bla c = c/a
(VARVING PRESSURE)

Fro.

ID

RAMAT. AND TANOKNTIAI. MONCNT IN ANNULAR
CIRCULAR PLK~s

The critical sections for finding the tangential morucnts are the inner edge, under bearing and outer edge. Tlic crilical hectic n for ra(lial moments is under the ring beam for saggin g moments and at sonic point in the raft for hogging moment. The formulae for radial respectively are as follo~vs: and tangential monlents 1111, autl J,Ir
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M,
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5 _

3Ba -

8R4
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_

2K"

( 5x2
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5R4
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-

134 ) _
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-I2 ( 1~4 _I- 31j4

R4+3B4)+(R4+3)($h?) 3P +

QRzB4) ]cos B
3fl" _ QR4 ) _. 2R" ( 5R" .

M,

I=

Y6R3

Pa:

2B4 ( 5 _ B2 + 1

511' _ 311' )

5.3

Flexible

Ring Foundation

5.3.1 In this method, it is assumed that the subgratle consists of an The spring constant B equal infinite array of individual elastic springs. The contact pressure at any to modulus of subgrade reaction ( 1:). linearly proportional to the settlement at the point. point is therefore This methotl may be used when all the follokng conditions ar-e satisfied:

z a) The structure ( combined action of super structure and raft ) may bc considered as flexible relative stiffness fat tOrS 1: < 0'5 ) ( see Appendix C ). b) Variation in adjacent the higher value. column load does not exceetl 20 p(~rcent of

5.3.2 A circular slab on elastic media is the usual form of' solution to points within the slab. `l`he evaluate bending and shear at various equation. differential equation governin, 0 is fourth order tliflerrntial

where

II

12 ( 1 -

-

Et3 --_.-

L"' )
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w = plate deflection (7 uniform load ratio using finite difference solutions.

y = Poisson's This equation

can be solved

NOTE One of the recent methods based on the above theorv is numerical analysis This method is used for by either finite tliEerencc method or finite element method. accurate analysis of annular raft foundation.

6. STRUCTURAL

DESIGN

AND

CONSTRUCTION

ASPECTS

6.1 The general

designs of loads, wind, loads, shrinkage, creep and temperature effects and provision of reinforcement and detailing and IS : 456-1978* and other constructional aspects shall conform to IS : 1893-19751, the foundation ijeing considered as an inverted beam or Sl;l\,.
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AMENDMENT

NO. 1
TO

MARCH

1989

IS : 11089 - 1984 CODE OF PRACTICE FOR DESIGN AND CONSTRUCTION OF RING FOUNDATION
( Page 3, clause 0.2, line 3 ) line

Add

the

word

( circular

' after

the ' for

word ` continuous

`. 4.3, 2 ) Substitute ` IS : 1904-19867 Substitute

(Page 5, clause r IS : 1904-19781_ `.

( Page 5, foot-note marked with ` t ' mark ) `for the existing foot-note:
( t&de of practice for design requirements ( lhird rruision). ' and construction

the following
in soils: General

of foundation

( Page 10, clause 5.2.1, Pressure ' for the word ( Radial ( Page 10, last line ) -

cafdion

of formulae

) -

Substitute

` Uniform line:

'. the following for the existing

Substitute

( pa<+ye 11, lines 1 mr/ 2 of rhe ~formdne ) for the extsting lines:

Substitute

the

follnwin,g

( Page

11, line
`. 13,

6 ) -

Substitute
line 4 ) -

' Varying Substitute

Pressure '

for

tlie word ' for

` Tangential
( Page

clnzlse 6.1,

` IS : 1893-19847 Substitute the

` 1893..1975t

`. following

( Page 13, foot-note marked G/h ` 7 ' mark ) for the existing foot-note:

`tG itcria for earrhqllakl, resistant design of structures ( forrrtir renirim ) .'

(BDC: ,13 )

